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Introduction

35
In recent years, with the increasing emergence of infectious diseases caused by various 36 microorganisms, there is an urgent need for the development of non-toxic green polymeric 
43
In recent years, with increasing consciousness to reduce, and preferably eradicate a bacterial inhibits osteoblasts growth and consequently can also cause many severe side effects such as 48 cytotoxicity (Sandukas et al., 201; Albers et al., 2013; Wang et al., 2014) . In this context, there is a need for green composites with antimicrobial activity to reduce or even eliminate 50 the risk of bacterial infection without cytotoxicity.
51
Antimicrobial products may be fabricated by introducing antimicrobial agents through 52 surface coating or dipping, spraying or incorporating microbicidal functional groups with 53 cellulose (Dong et al., 2014) . However, in practice, the main drawback of the various 54 physical/chemical methods is the risk of premature delamination and short-term antibacterial 55 effects (Hiriart-Ramı´rez et al., 2012) . On the other hand, laccase-assisted grafting and 56 incorporation of microbicidal groups, such as natural phenols seems to be a promising 57 technique. This technique offers clean and safe alternative to the currently practiced 58 physical/chemical methods (Chen et al., 2000; Aljawish et al., 2012) . In the production of 59 functional materials, enzyme specificity may offer the potential to better control the polymer 60 function through precise modifications in the polymer structure (Chen et al., 2000; Yamada et 61 al., 2000; Iqbal et al., 2014b,c) .
62
It is well-known that phenols are typical laccase substrates because their redox potentials are authors (Sanchez-Garcia et al. 2008; Archana et al. 2011; Rukmani and Sundrarajan 2012; 72 Shahidi et al., 2014) . On the basis of these evidences, we hypothesised that GA and T may be 73 efficient candidates for inhibiting bacterial infections. Thus we developed a series of novel o C until fully dried and final dry weight was recorded. The dried films were designated as 100 GA-g-P(3HB)-g-EC bio-composites i.e., [0GA-g-P(3HB)-g-EC (control); 5GA-g-P(3HB)-g-
101
EC; 10GA-g-P(3HB)-g-EC; 15GA-g-P(3HB)-g-EC and 20GA-g-P(3HB)-g-EC] and T-g-102 P(3HB)-g-EC bio-composites i.e., [0T-g-P(3HB)-g-EC (control); 5T-g-P(3HB)-g-EC; 10T-g-103 P(3HB)-g-EC; 15T-g-P(3HB)-g-EC and 20T-g-P(3HB)-g-EC] and used as prepared for 104 further evaluation. The individual and grafted composites were placed on the diamond crystal, and infrared 108 absorption spectra were recorded from the wavelength region of 4000-500 cm -1 using a
109
Perkin Elmer System 2000 FT-IR spectrophotometer. All spectra were collected with 64 110 scans and 2 cm -1 resolution and assigned peak numbers. 
Grafting parameters
113
The grafting parameters i.e., graft yield (GY %), grafting efficiency (GE %) and swelling 114 ratio (SR %) behaviours of the GA-g-P(3HB)-g-EC and T-g-P(3HB)- To evaluate the cytotoxicity of the newly synthesised GA-g-P(3HB)-g-EC and T-g-P(3HB)-
139
g-EC bio-composites a human keratinocytes-like HaCaT cell line was adopted, in this study.
140
HaCaT cell viability was measured after 1, 3 and 5 days of incubation using neutral red assay 141 as reported earlier (Iqbal et al., 2015) . The HaCaT cell viability in percentage was calculated 142 using the Equation 5. Whereas, the adherent morphology of HaCaT cells seeded on the The biodegradability of GA-g-P(3HB)-g-EC and T-g-P(3HB)-g-EC bio-composites was 
Results and Discussion
164
The FT-IR spectra were used to characterise the structural elements of GA, T, P(3HB)-g-EC,
165
GA-g-P(3HB)-g-EC and T-g-P(3HB)-g-EC (shown in Figure 2A and B). For GA-g-P(3HB)- can be seen that some bands changed intensity and/or shape during the graft formation 187 process.
189
Figs. 3 A and B shows the graft yield (GY%), grafting efficiency (GE%) and swelling ratio
10GA-g-P(3HB)-g-EC, 15GA-g-P(3HB)-g-EC and 20GA-g-P(3HB)-g-EC and T-g-P(3HB)-
EC and 20T-g-P(3HB)-g-EC bio-composites. A consistent increase in all of the grafting 194 parameters i.e., GY%, GE% and SR% was recorded up to the concentration of 15 mM GA, 195 whereas, in case of T 20 mM concentration was proved best under the same environment. indicate that as the concentration of GA increases from 0 to 15 mM both the GY% and GE%
203
were optimal with an increase in the swelling ratio. The order of GP % observed for GA-g-204 P(3HB)-g-EC and T-g-P(3HB)-g-EC composites was: 15GA-g-P(3HB)-g-EC > 10GA-g-
0T-g-P(3HB)-g-EC respectively. It has also been reported in literature that the reaction time
208
is an important parameter which can increase or decrease the grafting parameters like graft 209 yield, grafting efficiency and swelling behaviour (Sun et al., 2003; Constantin et al., 2011) .
The results of the disc diffusion method for GA-g-P(3HB)-g-EC bio-composites against each GA and T grafted bio-composites were in the following order: Figs. 9 and 10 shows the degradation profiles of the GA-g-P(3HB)-g-EC composites and T-g- pristine P(3HB)-g-EC was lower than that of the GA and/or T incorporated GA-g-P(3HB)-g-
EC, and 15T-g-P(3HB)-g-EC > 20T-g-P(3HB)-g-EC > 10T-g-P(3HB)-g-EC > 5T-g-P(3HB)-
259
EC and T-g-P(3HB)-g-EC bio-composites. After 6 weeks of incubation, up to 100% bio- Cellulose , 19(6), 2165-2177. 314 Iqbal, H. M. N., Kyazze, G., Locke, I. C., Tron, T., & Keshavarz, T. (2015) . composites. All of the test samples were stained using neutral red dye (5 mg/mL) for 1 h 393 followed by three consecutive washings with PBS at an ambient temperature. 
